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The present study was aimed to evaluate daily sperm output, testicular measurements and
post-thaw sperm quality of Tori and Estonian breed stallions.
In the first study, daily sperm output (DSO) and testicular measurements were evaluated.
One ejaculate was collected daily for 10 subsequent days from 8 Tori (T) and 8 Estonian
(E) breed stallions. The daily sperm output was calculated as the mean of the total sperm
number (TSN) collected on days 8-10 in T stallions and on days 4-10 in E stallions. The
DSO of T stallions was 12.9x10
9 spermatozoa and of E stallions 4.5x10
9 spermatozoa
(p<0.001). All testicular measurements were significantly smaller in E than in T stallions
(P<0.001). Testicular circumference was 45.4 cm and 35.4 cm in T and E stallions,
respectively (P<0.001). The testicular circumference was correlated with DSO in both E
(P<0.05) and T stallions (P=0.071). 
In paper II, the sperm motility, membrane and acrosome integrity as well as the
capacitation status of frozen-thawed spermatozoa from 7 T and 6 E stallions with CASA
and flow cytometry (using a combination of the fluorophore stains SNARF, PI and FITC-
PSA, and Merocyanine-540/Yo-Pro-1, respectively) were studied. Two ejaculates were
cryopreserved from each stallion in 0.5 ml plastic straws according to the Hannover
method. Two straws per ejaculate and per stallion were thawed at 37°C for 30 sec. Motility
was analysed with CASA immediately after thawing, whereas for flow cytometry,
spermatozoa were cleansed by 70:40 % Percoll discontinuous density gradient separation
before being analysed for sperm viability, acrosome integrity (triple stain) and capacitation
status (Merocyanine 540/Yo-Pro-1). Results are presented as least square means
(LSmeans). The motility of frozen-thawed semen was 43.4 % for T and 42.3 % for E
stallions (P>0.05). After Percoll separation, 79.3 % of the spermatozoa from T stallions had
intact acrosomes and 1.7 % of them showed early signs of capacitation. The same
parameters for E stallions were 84.5 % and 2.3 %, respectively. There were no statistically
significant differences between breeds or ejaculates within breed for any evaluated
parameter.
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Introduction
The use of artificial insemination (AI) in equine breeding has increased during
recent decades, becoming important worldwide. AI offers many advantages over
natural mating, such as safety for both the mare and the stallion, reduced risk of
infectious disease transmission, and transport inconvenience. Adequate short- and
long-term preservation of stallion semen is a prerequisite for a successful AI
procedure. Semen of good fertilising capacity is necessary for obtaining high
fertility results. The large number of mares to be bred by one stallion, the shipment
of fresh chilled semen and the freezing of semen all require large numbers of
spermatozoa of good quality from the stallion.
 
The total horse population in Estonia is approximately 6,000. There are two
main local horse breeds: Tori and Estonian horse. The Tori horse is a full-size
horse with a mean height of 166 cm and the Estonian horse is between a miniature
and a full-size horse with a mean height of 144 cm. Since the numbers of those
two breeds are very small, especially the number of pure-bred stallions, long-term
preservation of semen is of great importance for preservation and improvement of
existing breeds. In 2002 a total of 86 Tori breed foals and 105 Estonian breed foals
were born in Estonia.
The capacity of a stallion to produce a large quantity of high quality
spermatozoa is a requisite for being used for AI. Evaluation of testicular size and
daily sperm output (DSO) gives valuable information on the reproductive capacity
of a stallion. Different regimens have been used for evaluation of DSO, such as
daily collection of one ejaculate for 10 weeks (Gebauer et al., 1974; Sullivan &
Pickett, 1975), collection of five ejaculates at 1h apart, two ejaculates at 1h apart
every 4 days, and one ejaculate per day for at least 3 weeks (Amann et al., 1979).
Gebauer et al. (1974) suggested, based on their own results, that the ejaculate
collected on day 7 should be representative, whereas Love et al. (1991)
recommended the mean value of the ejaculates collected on days 5-7 as the most
representative for estimation of DSO. Testicular size and volume are direct
measures of the amount of testicular parenchyma present, which in turn
determines potential sperm production (Thompson et al., 1979). Recently, Stich et
al. (2002) reported that differences in testicular measures must be considered
when determining at which collection day DSO can be calculated. Thus, in
stallions with smaller testicles DSO can be calculated as early as day 5 of
collection, whereas in stallions with larger testicles calculation of DSO can take
place on day 6 or 7 of collection. Testicular size is influenced by breed (stallion
size) and age (Thompson et al., 1979; Pickett et al., 1987). Models for evaluation
of breeding soundness for full-size stallions have been worked out by Kenney et
al. (1983) and for miniature stallions by Paccamonti et al. (1999). Total scrotal
width is considered to be the most commonly used predictor of DSO in stallions
(Thompson et al., 1979). However, no investigation concerning any correlation
between scrotum circumference and DSO in stallions has been published. For
Estonian and Tori breed stallions, no information at all is available concerning
testicular measurements and DSO.10
There has been a great development since 1789, when Spallanzani reported that
frog spermatozoa were able to fertilise eggs after freezing and thawing (Luyet &
Gehenio, 1940). Despite this finding, it was not possible to start using
cryopreserved semen in breeding programs until Polge, Smith & Parkes in 1949
accidentally discovered glycerol as a successful cryoprotectant for spermatozoa.
Barker & Gandier reported the first pregnancy from frozen stallion semen in 1957.
Freezing in propylene straws of different sizes and volumes, which are mainly
used today, was first presented by Martin, Klug & Guntzel, (1979), Tischner
(1979), and Palmer (1984). Semen for preservation is collected mainly by two
types of artificial vaginas: open- and closed-end. With a closed-end artificial
vagina the whole ejaculate, including the first fraction (pre-sperm-rich) and the
post-sperm-rich fraction (gel-fraction) is collected, whereas with the open-end
artificial vagina only the sperm-rich jets of the ejaculate are collected, excluding
the rest of the ejaculate. Different extenders and protocols have been used for
cryopreservation of stallion semen with acceptable results (e.g. Martin, Klug &
Guntzel, 1979; Tischner, 1979; Palmer, 1984; Amann & Pickett, 1987). No
evident differences in fertility results have been presented between using
programmable freezing compared with freezing in the vapours above a liquid
nitrogen surface. The most important step seems to be the thawing rate. Although
the connection between freezing rate and the packaging method is well known, the
choice of thawing method has to be carefully considered (Klug et al., 1992). 
Independent of which freezing method is used, there are differences in
freezability of semen among stallions. It has been estimated that 25% to 30% of
the stallions produce semen that cryopreserves well, 25% to 50% of stallions
produce semen that cryopreserves moderately well and 25% to 40% of stallions
produce semen that cryopreserves poorly (Pickett & Amann, 1993). Only sparse
information is available on the freezability of semen in the Tori and Estonian
horse breeds.
Processing of semen such as freezing and thawing is detrimental to sperm
functionality and usually results in the death of large numbers of spermatozoa.
Selection of fresh semen of high quality for freezing is therefore necessary. For
fertilisation of an oocyte with frozen-thawed semen there is obviously a need for a
certain population of viable, motile, non-capacitated spermatozoa with intact
acrosome. Several studies have aimed at finding correlations between different
parameters of frozen-thawed semen and fertility in several species including
stallions. Unfortunately, so far no single in vitro parameter has been identified that
can predict fertility. Sperm motility is the most commonly used criterion for
evaluating quality of cryopreserved semen. It has been found that computer-
assisted sperm analysis (CASA) is adequate for clinical use in determining
individual motility patterns (Amann, 1987; Jasko et al., 1988; Blach et al., 1989)
but not for fertility. Even motility evaluation is inadequate for prediction of
fertilising capacity of frozen-thawed stallion semen (Jasko et al., 1992; Heitland et
al., 1995). With CASA an objective evaluation of sperm hyperactivation is
possible (Jasko, Lein & Foote, 1991; Irvine, 1995), and this is highly correlated
with sperm capacitation (Suarez, 1996). One of the aims of the present study was
to investigate the motility and its pattern using CASA of frozen-thawed semen
from Estonian and Tori breed stallions.11
Different probes have been used to measure sperm viability and acrosome
reaction in different species (Graham, Kunze & Hammerstedt, 1990; Garner &
Johnson, 1995; Papaioannou et al., 1997). In stallions, assessment of sperm
viability and acrosome reaction have been performed by using Propidium Iodide
(PI) (Papaioannou et al., 1997), PI and SYBR-14 (Merkies et al., 2000; Boe-
Hansen  et al., 2001; Kirk et al., 2001), PI and fluorescein isothiocyanate
conjugated peanut agglutinin (FITC-PNA) (Cheng et al., 1996; Rathi et al., 2001).
No study seems to have been made on stallion semen using triple fluorophore-
staining (Carboxy SNARF-1, PI and FITC-PSA), which was reported to be
successful for frozen-thawed dog semen (Peña, Johannisson & Linde-Forsberg,
1999).
There are several specific probes for evaluation of capacitation, such as
merocyanine 540 (Harrison, Ashworth, & Miller, 1996), chlortetracycline (CTC)
(Varner et al., 1987), combined CTC and Hoechst 33258 (Neild et al., 2003) and
fluorescein-PSA and ethidium homodimer-1 staining (Meyers, 2001). Recently, a
method for evaluation of the early capacitation changes in the membrane of
spermatozoa using Merocyanine 540/Yo-Pro-1 staining was established for the
stallion (Rathi et al., 2001). Using a method of that kind there is a good possibility
to evaluate the capacitational status of frozen-thawed semen from Tori and
Estonian breed stallions. 
Development of flow cytometry has offered great advantages for evaluation of
different frozen-thawed semen parameters stained with different fluorophores
compared with the previously used fluorescent microscopy when only 100-200
spermatozoa per sample were assessed (Harrison & Vickers, 1990; Valcarel et al.,
1994; Brinsko et al., 2000). Flow cytometry offers the added advantage of
allowing simultaneous evaluation of sperm viability by inclusion of a membrane-
impermeable DNA dye such as propidium iodide (Rathi et al., 2001). The
combination of stains allows differentiation between non-activated,
capacitated/acrosome intact and capacitated/acrosome reacted, viable spermatozoa.
In addition, flow cytometry allows the very rapid and objective discrimination of
large numbers of spermatozoa (e.g. 10,000 in a few seconds). The possibility to
use flow cytometric equipment for evaluating membrane and acrosome integrity of
stallion semen with triple staining (Carboxy SNARF-1, PI and FITC-PSA) should
be investigated.
In the flow cytometric evaluation of dog semen it has been found necessary to
eliminate egg yolk particles and cell debris from frozen-thawed semen by washing
(Peña, Johannisson & Linde-Forsberg, 1999). For elimination of these particles
from frozen-thawed stallion semen, Percoll density gradient centrifugation has
been used (Landim-Alvarenga et al., 2001; Meyers, 2001). Leão et al. (2001)
found that Percoll density gradient centrifugation is effective in selecting
spermatozoa with good motility, thereby increasing the longevity of cryopreserved
semen. 12
Aims of the study
The aims of the present study were to:
•  investigate the DSO and testicular measurements of Tori and Estonian breed
stallions
•  determine if the functional parameters motility, membrane, and acrosome
integrity of cryopreserved stallion spermatozoa could be evaluated using
CASA and a triple combination of fluorophore staining and flow cytometry 
•  evaluate quality (motility, membrane, acrosome integrity and capacitation) of
frozen semen from Tori and Estonian breed stallions.13
Materials and methods
Animals
A total of 16 clinically healthy stallions [8 Tori breed (T) and 8 Estonian breed
(E)] aged 4-22 years with proven fertility were investigated in study I and 13 (6 T
and 7 E stallions) of those stallions aged 4-14 years were used in study II. The
stallions were sexually rested and stabled in a normal daytime light regimen at
least for one month before being used. The stallions were transported to the
Veterinary Clinic of the Estonian Agricultural University.
Semen collection and processing
Semen was collected using the Missouri type of artificial vagina while the stallion
was mounting a teaser mare in oestrus. The ejaculate was filtered through gauze to
remove the gel fraction. The gel-free volume of semen was measured with a
graduated cylinder and motility was immediately subjectively evaluated in a light
microscope at a magnification of x400, equipped with a heating stage (38°C).
Sperm concentration was assessed with a haemocytometer (Bürker´s or
Chorjajev´s chamber).
In paper I, one ejaculate of semen was collected daily for 10 subsequent days
from each stallion. For total number of spermatozoa (TSN) the volume of gel-free
fraction was multiplied by the sperm concentration. The TSN recovered in each
ejaculate was calculated without correction for spermatozoa lost into the artificial
vagina or the gel fraction of ejaculate. One day after the last semen collection the
width, height and length of each testis were measured using callipers and the
circumference with a tape measure.
In paper II, two proven ejaculates from each stallion, collected on different
occasions during September-January, were processed and cryopreserved in
medium straws (0.5 ml) using the Hannover method (Busch, Löhle & Peter,
1991), and thereafter stored in liquid nitrogen at -196°C until analysis. The final
sperm number per straw was approximately 250 x 10
6.
Semen evaluation
Post-thaw sperm preparations
One straw was thawed in a 37°C water bath for about 30 sec. Then 5 µL of thawed
semen was taken for motility assessment. The rest of the thawed semen was
layered onto 2 mL 70/40% Percoll discontinuous density gradient and centrifuged
at 650xg for 10 min. The final pellet was resuspended with Tyrode medium
(300µL/700µL) for further analyses.14
Post–thaw motility
Post-thaw sperm motility was estimated by using the CASA system (Strömberg-
Mika Cell Motion Analyser, Bad Feilnbach, Germany). The motility parameters
obtained were: percent of total motile spermatozoa, linear motility, circular
motility, and hyperactivated as well as kinematic characteristics such as straight
line velocity (VSL), and curvilinear velocity (VCL).
Flow cytometry
In paper II, sperm plasma membrane integrity and acrosomal status was evaluated
using a combination of fluorophores: SNARF, PI and FITC-PSA. Capacitation
status in control (bicarbonate-free medium) and capacitating conditions
(bicarbonate-containing medium) was assessed using dual fluorescent staining
with Merocyanine 540/Yo-Pro-1.
Fluorescent stainings
Triple FITC-PSA/SNARF/PI staining
A 10mM solution of SNARF (Molecular Probes, Inc., Eugene, OR, USA)  in
DMSO was prepared just before use. The DMSO solution was diluted in PBS to a
final concentration of 100 µM of SNARF. A 2.4 mM stock solution of propidium
iodide (PI) (Sigma, St. Louis, MO, USA) in water and a 20 µM FITC labelled
PSA (Sigma, St. Louis, MO, USA) in PBS were prepared. To 300 µL of diluted
semen SNARF was added to give a final concentration of 25 µM, PI to 50 µM and
FITC-PSA to give a final concentration of 0.1 µM of lectin, which meant a 0.39
µM concentration of FITC. The semen sample was incubated in the dark for 15
min at 34-37°C and analysed by flow cytometry.
Dual Merocyanine 540/Yo-Pro-1 staining
Stock solutions of a 1 mM Merocyanine 540 (Molecular Probes, Inc., Eugene, OR,
USA) in DMSO, a 25 µM Yo-Pro-1 (Molecular Probes, Inc., Eugene, OR, USA)
in DMSO, polyvinylalcohol 10 mg/mL and polyvinylpyrolidone 10 mg/mL were
prepared. To 400 µL of diluted semen, Merocyanine 540 was added to give a final
concentration of 2.7 µM, Yo-Pro-1 to 25 nM, polyvinylalcohol to 0.5 mg/mL and
polyvinylpyrrolidone to give a final concentration 0.5 mg/mL and analysed by
flow cytometry.
Flow cytometry analyses
Triple FITC-PSA/SNARF/PI staining
Flow cytometric analyses were performed on a Facstar Plus flow cytometer
(Becton Dickinson, San Jose, CA, USA). The fluorophores were excited by a 200
mW argon ion laser operating at 488nm. Data from 100,000 events per sample
were collected in list mode for Triple FITC-PSA/SNARF/PI staining. FITC
fluorescence was collected in the FL1 sensor using a 530/30 nm band-pass filter,15
SNARF in the FL2 sensor using a 575/30 bandpass filter and PI fluorescence was
collected in the FL3 sensor through a 660/20 nm long pass filter. About 60,000 to
80,000 spermatozoa were analysed per run. 
Dual Merocyanine 540/Yo-Pro-1staining
For Dual Merocyanine 540/Yo-Pro-1 staining 30,000 events per sample were
collected in list mode. Yo-Pro-1 fluorescence was collected with a FL1 sensor
using a 530/30 nm band-pass filter and the Merocyanine 540 fluorescence was
collected with the FL2 sensor through a 575/30 bandpass filter.
Flow cytometric data were analysed using a Facstation computer and the program
Cell Quest version 3.3 (Becton Dickinson, San Jose, CA, USA) using a gate in
forward and side scatter to exclude any remaining debris and aggregates from the
analysis. 
Statistical analyses
Statistical analyses were performed using the SAS version 6 software (SAS
Institute Inc., 1989). Student’s t-test was used for testing testicular measurements
between breeds and differences between left and right testicular measurements
within breed. Monofactorial analysis of variance, using the GLM-procedure, was
applied to the “concentration variables” (one observation per stallion) to test the
difference between breeds. For all other variables, analysis of variance was
performed using the MIXED-procedure. Spearman rank correlations between
different variables were calculated within breed. To estimate the repeatability of
variables, Spearman rank correlations were calculated between the two samples
for each stallion.16
Results
Testicular measurements and Daily Sperm Output (I)
Testicular measurements 
The testicular measurements, including testicular circumference, were
significantly larger in T stallions than in E stallions (P < 0.001). For E stallions, all
measurements of the left testis were significantly larger than that of the right testis
(P < 0.05), whereas no significant differences between left and right testis were
found in T stallions.
Daily sperm output 
In E stallions, the total sperm number (TSN) decreased significantly from day 1 to
day 4 and in T stallions TSN decreased successively from day 1 to day 8,
thereafter remaining constant. In T stallions, significant differences of varying
degree were found between days from day 1 to day 4 and between every second
day from day 4 to day 8. The DSO for T stallions was 12.9±0.8 x10
9 and for E
stallions 4.5±0.3 x10
9 (P < 0.001). The correlation between testicular
circumference and DSO for E stallions was r = 0.72 (P < 0.05) and for T stallions r
= 0.67 (P = 0.071).
Effect of breed on post-thaw sperm characteristics of frozen-
thawed semen (II)
Motility
The subjective evaluation of motility did not reveal any significant differences
between breeds. The computerised motility evaluations (CASA) of frozen-thawed
semen showed that there were no significant differences after post-thawing of
semen for any evaluated parameter (P > 0.05). The motility of fresh semen
decreased after freezing-thawing from 67.8 ± 6.4% to 43.4 ± 4.7% in T stallions,
and from 67.5 ± 7.5% to 42.3 ± 1.1% in E stallions.
Plasma membrane integrity and acrosome status 
Using triple staining, two sperm populations (SNARF-positive cells – live; PI-
positive sperm cells – dead) were easily identified. The percentages of total viable,
live spermatozoa post-thaw were 22.5 ± 4.4% in T stallions and 25.3 ± 4.8% in E
stallions. Statistical analysis did not reveal any differences between breeds in
percentages of viable spermatozoa (P > 0.05). In further investigations of live
spermatozoa, 79.3 ± 6.9% were identified with intact acrosome in T stallions and17
84.5 ± 7.5% in E stallions. The results did not reveal any significant differences
between breeds (P > 0.05).
Capacitation status 
The evaluation of capacitation status of frozen-thawed semen (Merocyanine
540/Yo-Pro-1 staining) in control (bicarbonate-free medium) and capacitating
conditions showed no differences between breeds (P > 0.05). In control medium,
the percentages of non-capacitated spermatozoa were 36.8 ± 9.1 and 41.9 ± 9.9 for
T and E stallions, respectively, and after incubation in capacitating medium for 30
min, 14.4 ± 2.2 and 14.4 ± 2.3 for T and E stallions, respectively. After incubation
in capacitating medium, the percentages of viable spermatozoa in control medium
were 24.4 ± 3.9 and 27.6 ± 4.2 for T and E stallions, respectively (P > 0.05), and
in capacitating medium after incubation for 30 min 15.0 ± 2.1 and 16.0 ± 2.2 for T
and E stallions, respectively (P > 0.05).
Comparison between methods 
Comparisons of percentages of viable spermatozoa between different methods
were made. There were significant positive correlations between Merocyanine
540/Yo-Pro-1 staining in control media and after incubation in capacitating media
at 30 min for both breeds (T stallion r = 0.60, P < 0.05; E stallion r = 0.78, P <
0.01). 18
General discussion
Data on the number of mated mares and number of foaling mares  (born foals) of
the stallions used in the present studies were collected. All these stallions had a
foaling rate of more than 65% (mean 70.1%). Therefore it can be concluded that
all stallions used in this experiment were of proven fertility. 
In the evaluation of reproductive capacity of stallions it is of great importance to
collect information both about testicular size and daily sperm output (DSO).
Previous studies (Thompson et al., 1979; Pickett et al., 1987; Love et al., 1991)
have shown that testicular volume, estimated by testicular measurements,
correlates with sperm production. The present study (Paper I) demonstrated a
significant correlation between testicular circumference and DSO in both Estonian
and Tori breed stallions. This result supports earlier observations where smaller
testicles yielded lower sperm output than bigger testicles. There are contradictory
data on seasonal variation of total sperm number in ejaculates from stallions. Thus
Magistrini, Chanteloube & Palmer (1987) found a seasonal influence on sperm
concentration and volume of the ejaculate, but not on the total number of
spermatozoa. Janett et al. (2003a, 2003b), on the other hand, found seasonal
variations in both sperm concentration, ejaculate volume and total sperm number.
Semen collections in the present studies were performed during September-
January, i.e, outside the breeding season. Therefore, there might have been a slight
seasonal influence on the total number of spermatozoa in the ejaculates collected
and used in the present studies. However, only stallions with acceptable sperm
quality (sperm morphology and sperm motility according to Kavak et al., 2004)
even outside the breeding season were used. The decrease in total sperm number
outside the breeding season is thought to be caused by changes in photope-
riodicity. Several investigators (e.g. Hoffman & Landeck, 1999; Gerlach &
Aurich, 2000) have shown that increasing daylength stimulates the testicular
endocrine activity and secretion of accessory glands in the stallion.
 
The finding in the present investigation (Paper I) that DSO was reached sooner
in stallions with smaller testicles (Estonian breed) than in stallions with bigger
testicles (Tori breed) is in accordance with earlier observations by Gebauer et al.
(1974), Sullivan & Pickett (1975) and Stich et al. (2002). The reason for this is
most likely due to the size of the extragonadal sperm reserves, because younger
stallions with smaller testicles have smaller extragonadal sperm reserves than
older stallions with larger testicles (Amann et al., 1979).
Testicular size has earlier been investigated in both miniature stallions
(Paccamonti et al., 1999) and full size stallions (Kenney et al., 1983). The present
study (Paper I) clearly showed that there is a direct connection between stallion
size and testicular size. Like several other investigators (Gebauer et al., 1974;
Thompson et al., 1979; Paccamonti et al., 1999) we found differences in left-right
testicular measures between breeds. No scientific explanation for the variation in
size between left and right testicle is known.
Visual assessment of the percentage of motile spermatozoa is the most widely
used evaluation method of both fresh and cryopreserved semen. Nevertheless,19
variation between observers may occur due to the subjective nature of the work
(Davis & Boyers, 1992). Consequently, finding a quick and reproducible method
for semen assessment that might supplement or even replace the subjective visual
motility evaluation is of great interest. The evaluation of motility of frozen thawed
semen in the present study (Paper II) was therefore performed by CASA, which is
a more objective method. The cryopreservation was performed during the non-
breeding season because the stallions were used for natural mating during the
breeding season. In a recent study, Janett et al. (2003a) found that the post-thaw
motility of frozen stallion semen was better during the winter season than during
the autumn or the spring. In the present study (Paper II), semen for freezing was
collected during late autumn and winter, and the post-thaw sperm motility was at
least as good as in previous studies (Jasko et al., 1992; Blottner et al., 2001; Janett
et al., 2003a).
According to many reports (Amann & Pickett, 1987; Samper, Hellander &
Crabo, 1991; Harkema & Boyle, 1992; Wöckener et al., 1992; Braun et al., 1994;
Dobrinski, Thomas & Ball, 1995; Vidament et al., 1997) the process of
cryopreservation has a negative influence on the morphological and functional
integrity of stallion spermatozoa. Blottner et al. (2001) also found an increased
proportion of spermatozoa with detached acrosomes after freezing/thawing,
reducing the fertilising competence of the spermatozoa. For evaluation of the
viability and acrosome status of frozen-thawed spermatozoa, triple staining with
fluorophores in combination with flow cytometry, allowing simultaneous
evaluation of multiple characteristics of the sample of stallion spermatozoa was
used for the first time. In previous similar evaluations of dog semen, it was found
that frozen-thawed samples have to be freed from egg yolk, debris cells and other
particles before successful flow cytometric evaluations can be made (Peña,
Johannisson & Linde-Forsberg, 1999). Different mechanical clean-up methods
(filtration with glass wool, glass beads or polysaccharide beads, Percoll
separations, centrifugation with different mediums) are available. In the present
study, washing with TALP medium or Percoll separation were tested. Washing
with TALP medium had a killing effect on stallion spermatozoa and therefore it
was decided to use solely the Percoll density gradient centrifugation. The reason
of the detrimental effect of washing with TALP is unknown. Percoll separation
has been used previously and been found to be effective in selecting spermatozoa
of different quality (Landim-Alvarenga et al., 2001; Leão et al., 2001; Meyers,
2001).
The purpose of this study was also to evaluate viability, acrosome and
membrane integrity with fluorophore staining using flow cytometry. Based on
successful evaluations of frozen-thawed dog spermatozoa in our laboratory (Peña,
Johannisson, Linde-Forsberg, 1999) we studied viability and acrosome status of
frozen-thawed stallion spermatozoa with triple (FITC-PSA/SNARF/ PI) staining,
which has not been used before for evaluation of stallion semen. The viability of
the frozen-thawed semen in the present study (Paper II) is lower than
corresponding results of Janett et al. (2003a,b), but comparable with the results of
Merkies et al. (2000). On account of triple staining being used for the first time to
evaluate frozen-thawed stallion semen, there are no data available for comparison
with our results. The freezing in the present study was performed outside the
breeding season. However, no obvious seasonal differences in the freezability of20
stallion spermatozoa have been found in earlier studies, whether measured with
SYBR-14/PI (Janett et al., 2003a) or using eosin-nigrosin staining (Magistrini,
Chanteloube & Palmer, 1987). 
The evaluation of capacitation status of frozen-thawed spermatozoa in the
present study was done with Merocyanine 540/Yo-Pro-1 staining. The
observations were mainly directed at changes in the percentages of non-
capacitated sperm populations. Decreases in the percentage of alive, non-
capacitated spermatozoa were found after incubation in capacitating medium
(Paper II). These data confirmed observations from earlier studies (Rathi et al.,
2001),  i.e., that frozen-thawed non-capacitated spermatozoa are viable and
functional and suitable for undergoing fertilisation steps. 
Blottner et al. (2001) showed that quality parameters of fresh spermatozoa as
well as the degree of declined cellular integrity by preservation showed
considerable differences between stallions. Merkies et al. (2000) also found
differences in viability of frozen-thawed spermatozoa among stallions and
ejaculates for various parameters measured. These results are in accordance with
many reports on the generally limited freezability of stallion spermatozoa and that
the stallion is the major factor influencing freezability. In our study, we could find
neither differences between ejaculates nor between breeds. The number of
stallions used of each breed was rather small, and also the high criteria set to select
the semen for freezing may cancel out these differences among ejaculates. It seems
that ejaculates with high sperm motility and high percentage of spermatozoa with
normal morphology freeze better. Therefore, fresh semen of high quality
represents an important criterion for selection of stallions intended to be used for
freezing of semen and for artificial insemination. Janett et al. (2003a) concluded
that variation exists not only between but also within stallions and, consequently,
the best time for freezing semen must therefore be found for each individual
stallion. Results of Neild et al. (2003) show that freezing-thawing of stallion
semen induces cell damage and a relative increase in live capacitated/acrosome
reacted sperm cells.21
General conclusions
Based on the studies presented the following conclusions can be drawn:
•  Testicular measurements and DSO are related to the body size of the stallion’s
breed, and testicular circumference is correlated with the DSO
•  CASA and Triple combination of fluorophores using flow cytometry can be
used for evaluation of motility, viability and acrosomal status of frozen-
thawed stallion spermatozoa
•  Semen from Tori and Estonian breed stallions, and frozen according to the
Hannover method had acceptable post-thaw motility, acrosome status and
capacitation status as evaluated with CASA and flow cytometry.22
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